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In the present subanalysis of a cross-sectional study showing the favorable eﬀect of prior transient ischemia, leisure-time physical
activity, and lipid-lowering drug therapy on stroke severity, we aimed to evaluate whether previous physical activity was dose
dependently associated to minor stroke (NIHSS 0–3) and to identify possible underlying factors. Among 362 consecutive patients,
less severe stroke was related to weekly exercise duration prior to stroke (no exercise: 36.1%; <2 hours: 49.3%; 2–5 hours: 58.8%;
>5 hours: 64.0%; P = 0.003). Only weak and moderate exercise practices were protective (weak: 50.0%; moderate: 79.3%; heavy:
22.2%;P<0.0001).Suchabeneﬁcialeﬀectwasobservedindependentlyofageandwasassociatedwithatrendtoalowerfrequency
of arterial hypertension, alcohol abuse, and a better metabolic proﬁle. Besides other therapeutic approaches, physical activity may
be a simple way to decrease cerebral ischemia severity.
1.Introduction
Meta-analyses of epidemiologic studies have consistently
suggested the risk reduction of both ischemic and hemor-
rhagic strokes when practicing regular physical activity [1–
3]. Such a preventive eﬀect, that may be more important
i nm e nt h a ni nw o m e n[ 3], could be very impressive,
since the relative risk of stroke incidence and mortality
could be reduced from 25% (cohort studies) to up to 64%
(case-control studies) in active individuals as compared to
nonactive counterparts [1, 2]. Several plausible mechanisms
by which physical activity might reduce stroke risk has
been discussed as reducing blood pressure or improving
lipid proﬁles, endothelial function, and haemostatic and
inﬂammatory parameters [1]. Beyond the decrease of stroke
incidence, it could also be postulated that physical activity
could lead to the reduction of stroke severity, since both ex-
perimental and clinical data provide some arguments about
a possible preventive neuroprotection [4–8].
In a previously published study [6], we showed that
previous leisure-time physical activity as well as prior
transient ischemic attack and lipid-lowering drugs therapy
are independent predictors of lesser stroke severity and
better short-term outcome. In this context, at least 2 other
studies provide similar results, but little is known about
the possible underlying mechanisms [7, 8]. In the present
analysis,weaimedtofocusontheimpactofpreviousleisure-
time physical activity on initial stroke severity. To provide
some explanations about such a possible beneﬁcial eﬀect,
we analyzed patients’ clinical and biological proﬁles. Taking
into account both the duration and the type of previous
physical activity and adjusting on a number of possible
confounders,weevaluatedwhetherpreviousphysicalactivity
was dose dependently associated to minor stroke.
2.MaterialsandMethods
2.1. Study Population. Population characteristics and meth-
odological design of the study have been already published2 Stroke Research and Treatment
and extensively detailed [6]. Brieﬂy, we studied consecutive
patients with an acute ischemic stroke who were admitted
to the stroke unit of the Lille University Hospital, France.
The inclusion criteria were (1) clinical symptoms and signs
attributable to cerebral ischemia of <24-hour duration
(onset of symptoms was deﬁned as the last time the patient
wasfreeofanysymptoms) and(2)acuteorsubacutecerebral
computed tomography or magnetic resonance with changes
typical of acute hemispheric cerebral infarction.
2.2. Main Data Recorded. For each patients, we recorded the
following data: demographics, vascular risk factors, previous
treatments, severity of the neurological deﬁcit by the Na-
tional Institutes of Health Stroke Scale (NIHSS), blood
pressure, body temperature, fasting glycemia, cholesterol,
triglycerides, and ﬁbrinogen at admission, the presence,
weekly duration (less than 2 hours, between 2 and 5 hours,
more than 5 hours), and intensity (weak, moderate, or
heavy) of previous leisure-time physical activity [6, 9], and
cognitive status with the mini mental state when assessable
and functional outcome as measured with the modiﬁed
Rankin scale (mRS) and the Barthel index (BI) at 8 days.
An NIHSS of 0 to 3 at admission was considered as minor
s t r o k e ,w h i l ea nm R So f0t o1o rB Io f9 5t o1 0 0a t8d a y sw a s
considered favorable short-term outcome.
2.3. Statistical Analysis. To precisely analyze the impact of
previous regular physical activity on the occurrence of a
minor stroke and to determine the possible underlying fact-
ors, we performed univariate analysis comparing patients
with previous physical activity and patients without using
the χ2 test with Yates’ correction or Fisher’s exact test when
appropriate, odds ratio (OR) with 95% conﬁdence intervals
(CI), and the unpaired t-test or Mann-Whitney U test. In a
second step, we performed stepwise logistic regression anal-
yses with NIHSS 0 to 3 as dependent variable and previous
leisure-time physical activity, physical activity duration, or
physical activity intensity as main criteria. Other covariates
included in the model were those assessable at admission.
These variables were selected from the results of previous
univariate analyses with a P<0.25 level as screening
criterion [6]. Colinearity between variables (deﬁned as r>
0.6) was also excluded. Adjusted OR and their 95% CI
were then calculated. Logistic regression analyses were also
performed to measure the possible interactions between
previous leisure-time physical activity and variables selected
to adjust the model. Finally, we also compared patients with
previousphysicalactivityandpatients withoutbytakinginto
account diﬀerent age subgroups (<65 years, 65–75 years, >75
years).Allthestatisticalprocedureswerecomputedusingthe
SPSS-15.0 for windows package.
3. Results
Main characteristics of the study population have been
extensively described before [6]. Of the 362 patients (median
age 70, range 16–97) included in the study, 167 (46.1%) were
men, and 132 (36.5%) had a regular physical activity before
stroke. According to predeﬁned criteria [6, 9], the intensity
of previous leisure-time physical activity was considered
as weak in 94 patients (26.0%), moderate in 29 (8.0%),
and heavy in 9 (2.5%) when weekly duration was less
than 2 hours in 73 (20.2%), between 2 and 5 hours in
34 (9.4%) and over 5 hours in 25 (6.9%). Patients with
previous leisure-time physical activity were more likely to
have a minor stroke or a better short-term outcome, but
the proportion of TIA and brain infarction remained similar
(Table 1). Concerning possible underlying factors, patients
w i t hap r e v i o u sp h y s i c a la c t i v i t yw e r em o r el i k e l yt ob e
younger and men (Table 1). Apart from smoking, they also
were less likely to have vascular risk factors and to receive
chronic treatments (Table 1). Physiological and biological
parameters at admission were also more likely to have better
values, while stroke etiologies were more likely to be cervical
artery dissections rather than the consequence of cardiac
embolism or atherosclerosis disease (Table 1).
Adjusting on age, sex, arterial hypertension, diabetes,
smoking, previous ischemic or congestive heart disease,
and peripheral arteriopathy (according to colinearity prior
treatments were not included in the model), we found a
dose-dependent eﬀect of physical activity duration on the
initial stroke severity (Figure 1). The proportion of patients
admitted for a minor stroke increased in parallel to the
weekly duration of previous physical activity (no exercise:
83 (36.1%); <2 hours: 36 (49.3%); 2–5 hours: 20 (58.8%);
>5 hours: 16 (64.0%); P = 0.003). In terms of intensity, the
favorable eﬀect of previous physical activity was observed in
patients who did weak or moderate exercises when heavy
exercise may lead to deleterious consequences (proportion
of minor stroke; weak: 47 (50.0%); moderate: 23 (79.3%);
heavy: 2 (22.2%); P<0.0001)(Figure 1). Furthermore, none
of the interactions between previous leisure-time physical
activity and covariates used to adjust the model was positive
(result not shown).
Finally, the favorable eﬀe c to fp r e v i o u sp h y s i c a la c t i v i t y
on initial stroke severity or short-term outcome remained
whatever the age subgroups (Table 2). In this way, there also
was a trend for an association between previous physical
activity and a lower frequency of deleterious conditions
such as arterial hypertension and alcohol abuse, while the
metabolic proﬁle of such patients was better (Table 2).
4. Discussion
The present study conﬁrms that previous regular physical
activity could lead to a possibly dose-dependent decrease
in stroke severity. While both weak and moderate regular
physical activities contribute to this possible neuroprotective
eﬀect, practicing heavy exercise may be deleterious. Ana-
lyzing all patients’ characteristics, the protective eﬀect of
previous regular physical activity remains whatever the age
group and may be related in part to a better vascular or
metabolic proﬁle.
The present analysis conﬁrms the beneﬁt of previous
regular physical activity on stroke initial severity and out-
come [6–8]. One of the most important points underlinedStroke Research and Treatment 3
Table 1: Main characteristics according to physical activity status before stroke.
Previous physical activity
Yes (n = 132) No (n = 230) OR 95% CI P
Demographic characteristics
Age∗ 56 (16–86) 73 (25–97) 1.62 1.05–2.50 <0.0001
Men 71 (53.8%) 96 (41.7%) 0.027
Medical history
Arterial hypertension 56 (42.4%) 161 (70.0%) 0.32 0.20–0.49 <0.0001
Diabetes 23 (17.4%) 65 (28.3%) 0.54 0.31–0.91 0.022
Smoking 47 (35.6%) 55 (23.9%) 1.76 1.10–2.81 0.017
Ischemic heart disease 15 (11.4%) 46 (20.0%) 0.51 0.27–0.96 0.041
Congestive heart disease 6 (4.5%) 40 (17.4%) 0.23 0.09–0.55 <0.0001
Peripheral arteriopathy 4 (3.0%) 20 (8.7 %) 0.33 0.11–0.99 0.047
Previous treatment
Antiplatelet therapy 35 (26.5%) 88 (38.3%) 0.58 0.36–0.93 0.028
ACE inhibitors 21 (15.9%) 63 (27.4%) 0.50 0.29–0.87 0.014
Angiotensin receptor antagonists 9 (6.8%) 35 (15.2%) 0.41 0.19–0.88 0.019
Diuretic 26 (19.7%) 80 (34.8%) 0.46 0.28–0.77 0.003
Nitrate derivatives 4 (3.0%) 27 (11.7%) 0.23 0.08–0.69 0.003
Digoxin 3 (2.3%) 24 (10.4%) 0.20 0.06–0.68 0.003
Other antiarrhythmic drugs 4 (3.0%) 25 (10.9%) 0.26 0.09–0.76 0.008
Index stroke 0.273
Cerebral infarction 102 (77.3%) 189 (82.8%) 0.74 0.43–1.25
TIA 30 (29.4%) 41 (17.8%) 1.36 0.80–2.31
Stroke etiology 0.001
Atherosclerosis disease 19 (14.4%) 54 (23.5%) 0.55 0.31–0.97
Cardioembolic stroke 21 (15.9%) 65 (28.3%) 0.48 0.28–0.83
Lacunar stroke 22 (16.7%) 30 (13.0%) 1.33 0.73–2.43
Cervical artery dissection 15 (11.4%) 7 (3.0%) 4.08 1.61–10.33
Undetermined etiology 54 (40.9%) 74 (32.2%) 1.46 0.93–2.28
Stroke severity and outcome
NIHSS at admission∗ 3 (0–27) 5 (0–35) 0.002
Minor stroke (NIHSS 0–3 at admission) 72 (54.5%) 83 (36.1%) 2.13 1.37–3.29 0.001
Barthel 95–100 at 8 days 100 (75.8%) 72 (31.3%) 3.59 2.23–5.79 <0.0001
Rankin 0-1 at 8 days 76 (57.6%) 96 (41.7%) 1.89 1.23–2.93 0.003
Mini mental state† 27 (5) 24 (10) 0.003
Physiological parameters‡
Systolic Blood Pressure (mm Hg) 142 (27) 151 (30) 0.003
Fibrinogen (μmol/L) 10.41 (2.70) 11.70 (3.27) <0.0001
Glycemia (mmol/L) 5.94 (1.83) 6.55 (2.55) 0.017
Total cholesterol (mmol/L) 5.03 (1.01) 5.39 (1.26) 0.005
LDL cholesterol (mmol/L) 2.89 (0.85) 3.17 (1.03) 0.005
OR: odds ratio; CI: conﬁdence interval; ACE: angiotensin converting enzyme. ∗Result is reported as median (range). †Result is reported as mean (SD) in
patients for whom the test was assessable. ‡All results are given as mean (SD). All other variables did not diﬀer between both groups.
here is the possible dose-dependent eﬀect according to the
weekly duration of physical exercise [6, 7]. Indeed, our study
suggests an exercise duration-dependent neuroprotective
eﬀect of physical activity. Besides the duration, the type and
level of physical exercise seem also particularly important.
Patients with regular heavy exercises may be exposed to
more severe stroke, but the small number of subjects in this
subgroup did not allow a deﬁnitive conclusion. A recently
publishedstudyalsounderlinedthatregularphysicalexercise
may be protective, while only practicing bout of physical
exercise may contribute to the occurrence of an ischemic
stroke [10]. The neuroprotective eﬀect of previous regular
physicalactivitymayalsocontributetotheapparentdecrease
in stroke incidence, by reducing cerebral infarct size to levels
that are not symptomatic [1–3].
Our ﬁndings support the results of experimental studies
in which physical activity before ischemia induced neu-
roprotection [4, 5]. In rats, both voluntary running and4 Stroke Research and Treatment
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Figure 1: Impact of previous leisure-time physical activity on initial stroke severity.
Table 2: Main characteristics associated to previous leisure-time physical activity according to age.
Previous physical activity
Yes (n = 132) No (n = 230) OR CI 95% P
Age < 60 years n = 71 n = 51
Alcohol abuse 7 (9.9%) 15 (29.4%) 0.26 0.10–0.71 0.006
Arterial hypertension 18 (25.4%) 21 (41.2%) 0.49 0.22–1.05 0.065
Peripheral arteriopathy — 3 (5.9%) NA 0.071
Minor stroke (NIHSS 0–3 at admission) 39 (54.9%) 16 (31.4) 2.67 1.25–5.68 0.011
Barthel 95–100 at 8 days 62 (87.3%) 32 (62.7%) 4.09 1.66–10.10 0.003
Age 60–75 years n = 40 n = 85
Men 26 (65.0%) 34 (40.0%) 2.79 1.27–6.10 0.012
Minor stroke (NIHSS 0–3 at admission) 22 (55.0%) 30 (35.3%) 2.24 1.04–4.83 0.037
Glycemia (mmol/L)∗ 6.16 (1.44) 7.05 (2.83) 0.061
LDL cholesterol (mmol/L)∗ 2.92 (0.72) 3.30 (0.93) 0.017
Age > 75 years n = 21 n = 94
Arterial hypertension 11 (52.4%) 77 (81.9%) 0.24 0.09–0.67 0.004
Barthel 95–100 at 8 days 12 (57.1%) 27 (28.7%) 3.31 1.25–8.78 0.010
Mini mental state† 25 (6) 21 (9) 0.079
OR: odds ratio; CI: conﬁdence interval; NA: non assessable. ∗Results are given as mean (SD). †Result is reported as mean (SD) in patients for whom the test
was assessable. All other variables did not diﬀer between both groups.
forced exercise have a neuroprotective eﬀect [4], which could
result from an improvement of cerebral blood ﬂow through
an increase in eNOS expression or angiogenesis or from
the modulation of neuroplasticity through nerve growth
factor or brain-derived neurotrophic factor expression [4,
5]. As it is suggested by the present results, the stroke
protection induced by regular physical activity in human
might be due to lower heart rate, peak systolic pressure
and circulating catecholamine levels [11, 12], improved
lipid proﬁle [11, 13], and lower levels of arteriosclerosis
[14] and inﬂammation [15], a number of factors that may
decrease plaque vulnerability [13]. As in animal models,
physical activity in human may have antithrombotic eﬀects
through enhancing ﬁbrinolysis and reducing blood viscosity,
ﬁbrinogen levels, and platelet aggregation [1].
The improvement of all these biological conditions may
also contribute to explain that previous leisure-time physical
activity is less likely to be associated with atherosclerosis dis-
ease as an etiology of ischemic stroke. Here, we also found
that leisure-time physical activity is also less likely to be
associated with cardioembolic stroke. Cardioembolic strokes
are mainly the consequence of atrial ﬁbrillation of which
both incidence and prevalence is increasing with age and
the presence of arterial hypertension [16]. The relationship
betweenphysicalactivityandadecreaseintherisktodevelop
an atrial ﬁbrillation has been recently discussed [17], but
the presence of other vascular diseases may be confounding
factor [18, 19]. On the other hand, we found that cervical
artery dissection is more likely to be the etiology of stroke
in patients having prior leisure-time physical activity. Even ifStroke Research and Treatment 5
minor trauma including those produced by physical activity
may be implied in the pathophysiology of cervical artery
dissection, patients are usually younger and have less or no
vascular risk factors [20], a proﬁle that is also more likely to
be associated with regular physical activity.
The vascular proﬁle of the subjects may not be the only
cornerstone of such a protection that could be observed not
only in stroke, but also in various diseases such as cognitive,
depressive, or anxiety disorders. Indeed, as it is observed
here according to MMS values, regular physical activity may
prevent cognitive decline and decrease the risk of vascular
dementia [21].A randomized controltrial also demonstrates
that a 6-month program of physical activity could aﬀord a
modest improvement in cognition over an 18-month follow-
up period in older adults at risk for Alzheimer’s disease
[22]. In the ﬁeld of psychiatry, several studies also provide
evidence about the ability of physical activity to decrease the
incidence of both depression and anxiety disorders as well
as to improve depressive and anxious symptoms [23]. In
this context, it is of particular interest to underline that the
eﬀects of physical activity on the brain can be enhanced by
concomitant consumption of natural products such as plant
polyphenols or omega-3 fatty acids, some compounds that
may share the same mechanisms of action [24, 25].
Our study also has limitations. It was a nonrandomized
hospital-based study and thus present data should be
considered hypothesis generating. Results probably could
not be generalized to all patients with ischemic stroke.
Because of the observational study design, we cannot rule
out that the association between previous leisure-time
physical activity and stroke outcome was confounded by
other factors that were not taken into account in our analysis
such as diet habits.
Because looking for pharmacological agents that may
have neuroprotective properties in stroke and other various
brain diseases is particularly complex and still remains dis-
appointing, the time has come to optimize the natural
resources through education about regular physical activity
and also possibly appropriate food intake that may be the
easiest and more eﬀective ways to protect the brain.
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